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This report summariles some of the research findings supported in whole

or in part by the Office ot Naval Research Contract N0O0 '-75-(-)16f, "Sit(,

of Action of ADII on Mammalian Nephrons." The duralion of the grant was

1968-1979. The initial support was for the development of a study to

determine the effect of antidiuretic hormone (ADII) on kidney salt and water

absorption utilizing the stop-flow technique to localize which areas of the

nephron were affected by ADII and also how unidirectional Na and 11,O fluxes

across the nephron were altered in order to study the mechanisms of ADHi

action. Following the conclusion of these experiments and based on the

results, the research was broadened to include the mechanisms of action of

other hormones or drugs or neurotransmitters on kidney and gut. salt. and

water absorption and in particular whether these agents act through direct

cellular effects or through physical forces exerted through the cardiovascular

system.

There are two basic mechanisms by which salt, water and small organic

solutes cross epithelial tissues, such as the gut and kidney, from the lumen

into the blood. One mechanism is by transcellular transport across the

luminal mucosal or apical cell membrane and then through the basolateral or

serosal cell membrane. Solutes are transported by mmbrane carrier molecule

pumps which transport the solutes by facilitated or active transport. A

second mechanism by which many of the same solutes cross the membrane is

through passive, paracellular movement through the tight. junctions and the

lateral intercellular spaces between the epifthelial cells. Peplide hormones car

directly affect transcellular movement by binding to the cell membranes at

receptor sites and modulIti ng intracellular events which increase or decremtie

pump activity. These same hormones coul]d have card ioVascurl ,tfeet cS whiuh

modify transcellular pumping by allering the delivery of U., to the cells tor

support of transport energy requirements. I ;ssive, pIa, lt'll UlI' Ira'nsport



can be altered by hormones acting through cardiovascular etfects by changing

blood flow and thus the degree of "washout" of absorbed molecules from the

epithelium and by changing capillary and tissue pre;sures resulting in a

change in the magnitude of ultrafiltration across the capillaries and

epithelium. The research supported by this grant investigated several

aspects of the above mechanisms.

This report is organized as follows. The first section summarizes

findings of key phases of the research project. I'he second section lists

dissertations and publications supported in whole or in part by the grant.

The third section contains copies of the publications. Copies of some of the

dissertations have already been received by ONR.

SECTION 1 - SUMMARIES OF RESEARCH FINDINGS

1. STOP-FLOW EXPERIMIENTS

The mammalian kidney is composed of numerous unit nephrons which are

themselves divided into anatomically and functionally distinct regions along

their length. Antidiuretic hormone increases H 20 absorption in the distal

nephron by increasing passivo H.)() permeability in this region and thus allows

H.20 coiservation. There are additional effects on H] 0 reabsorption which

are exerted, in part, through effects on urea pe rmeability, salt reabsorption,

blood flow to different reqion:, of the kidney tnd interactions among thes,,

different. mechanisms. Individua l segments of the nephron can be studied by

micropuncture or' mi crope rfusion techniques but lechnical problems and the

removal f the interactions among some of the proc'esses involved in the linal

urine formation may reduce the appli-ahlility of these findings. In order to

circumvent these possible problem;, an in vivo method wAs devi-ed ut liiinq

:1i



the stop- t ow tech nig ueC in w ich Unidirectional Na aind If[,() fluXesCU coud oalso

be meaSu red. NeaS Uring ii nid i rer tional H luxes allowed the pcoss i ili tv Ifhat

efttOAS On net0 tran3ISport_ COUld be assignedI to carrier mnediate(d transl'cellulor

rans port (aibso-ptive or lumen -to-b loud flux) Or' to pa) ye.S p a I'dCe(I LI 1Ia r

trans port. ( secretory Or' blood -to-I umen flux ) Also, b'cauLSe, A 1)1 is a stmall

filt erable molecule , it will be present at. both the I urni nl andu control umi no!

surfaces of the nephron The stop-flow technique allows AI)I to b)e

r e str ic t ed to the con1tralumlinal surface so that only response-, to serosal

exposure could be Studied.

IDogs , anesthetized with Nembutal , were utilized as exper-imentald inimadls.

Both ureters were cannUlated for urine sampling and the teme,(ral irl eries and

veins cannulated for- obtaining blood pressure's, plasIMa samle: ad ifusion:_;.

An in fusion of T'., or, 20%. man ni tol in isot-onic so line con toiinm I t e inn ot,

measurement of g lomeruIa r filtration rate (GE l{) and pora -amnino i p pu tic 6 c id

I'AH ) , f'or meaS n remen t ot eff ec ive renal plasma flow was begun . After a

high , stablek Iit-ine 11',% Was achieved urine and plasma samples w-,ere obtained.

At0 thebeginning Of t1e stOp-Hfow periods, ureteral pressure was raised to

that of mean blood preOssure by means of a mercury manometer, throuigh a

small reservoir contoain ing t~he flowing urine . The rapid rise in) pressurte

substan"tiail l' reOd ICIre replaoremen t. filItrat ion, i .e., the enLtry of qlomeINLidt

Filtrate (du ring nep hron a bsor-p tion in the stop-flow perijod .A t et' 0i'te ii

pres:.;ure had stabhilized (115 svc ), a soliit ion (It) ml) of' isotonic sa line conl-

taining ILP(, (4-inlrlia and 2 2 Na was infuLsed 1\7 at 111 CXj)(1IIill

decreaisi ng rate, uisig mixing chambers, in order to rreatea ip j-cllange inl

i:;Ooupe lc%/(+; in the blood whiI h didj not varyV by mote1- th1an -2 dotIIing the

I min period. Subseguent1111 pur'i))d; lsj~ hll( twcWte peViotis -11mOL1tat Of isotope

infused((1. AI)II (20) or, IN) ml.: kg) wanjected ejt hert s;imllll nt%:;%it h the'



isotope infusion to limit ADII primarily to the contraluminal nephron surface or

two-minutes before to allow AI)II exposure at both the luminal and contra-

i Umindl surface. Control experime nts did not. have ADII injections. At the

end of the 1 min stop-flow period sequential urine samples were collected

through the ureteral cannula.

The volume of each urine sample, was determined gravimetrically. Cr and

PAH were determined by standard colorimetric techniques. Na and K concen-

trations were determined by flamirne photometry and Cl by coulombmetric

titration. 3ILO 14C-inulin and "Na were determined by liquid scintillation

opectroscopy.

Using the assumption that the concentrations of Cr, Na, K and Cl were

linear functions, ranging between the plasma and final urine values, of the

free-flow volume of tubular urine durinq an osmotic diuresis, the initial Cr
2 ? 2 /t+C hr

concentration could be calculated by C C A/A n -

C1 is the final urine [Cr] during free-flow just before the slop-flow period;

Cn is plasma [( r]; C2  is the init.ial tubular urine [Crf just b, lore stop flow;

A represents the total amount of Cr in the stop-flow si)mp i' and A

represents the distall-to-proximal summation of Cr in sequential Slop-flow

samples. The appearance of 14C-inulin deriv ed from the posl-stop-Ilow IV

infusion signalled the appearance of fresh qlomer'uLr filtrate and thus the end

ol the stop-flow samples. High tPA II indicated proximal nephrons. The

initial Na, K and Cl could be c(alculated for each stop-flow sample from th,

initial volumes and the free-flow urine and plasma concentrations. A simp ,

graph of initial [Cr'] is shown in I'ig. 1. The derivation ot the ialove

equ,ition was given in a previous suhmission (T. Burke, Ph) dis,:ertidn).

Unidirectional Na and t.)() fluxes were calculited from a moditiition of lh ,

method of lerger and Sleele (J. Cen. i'h:y;iol. ,11, 1135, 1 V ').
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Partial results from one series (4, mannitol infusion, 100 mU ADH/kg)

are shown in Tables 1-4. The results indicate that there is distal secretion

of K+ and proximdl reabsorption (Table 1) in agreement with data of others.

ADlI present at the blood (contraluminal) side or at both sides (luminal and

contraluminal) increases K secretion both proximally and distally. Sample "0"

represents the stop-flow sample which has the distal Na concentration

minimum. Samples are numbered sequentially distal (-) and proximal (+) to

this sample so that similar regions of the nephrons can be matched. The

division of samples into proximal and distal regions is based on [PAHj. Al I

present at both sides of the nephron increased distal K secretion above that

present when ADH was present only at the blood side as determined by

analysis of variance (ANOV) for individual values.

ADlI at the blood or both blood and luminal surfaces increased net 1-1,C)

reabsorption distally but had no significant. effect proximally (Table 2) in

agreement with the results of others. However, the increase in dislal net

1120 reabsorption was due to a decrease in 1-20 entry into the lumen when

ADII was present, at the blood side only (Table 3) but an increase in FL,()

leaving the lumen when ADtI was present at both nephron surfaces; ('Table 1).

Also, the lack of ADH effect on net ILOp reabsorption proximally was due to

significant and similar increases in both the entry and exit of IL,,() (thu s th ,

difference remained constant) with no difference between the elffecIs of All

when at the blood surface or both surface,; of the nephon (lahle; 3, -1).

Net aind unidirectional Na fluxes (not shown) paralleled the I.,() Ilu×xs.

Th e a bove results were not inconsistent, with generally , icce P 1d

findings, based on studies of individlual nephrons, that AIII inorte,',; n(,

11 ") reabsorption across the distal nephron and that its ftlect; ire ,xe ,tl

only from the blood side. Itlowever, cer'tain of the other findinois in lh,:;,
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-2 0.2 - 0.1. 0.2- 0.09 0.28 + 0.16

-I 0 27 + 0.09 07.0 - 0 11 0 . + 0 23

0.35 + 0.07 0.2 +_ 0.16 0.66 - 0.26

0. 41 0.07 0.06 - 0.17 0.71 ± 0.2a

+2 0.3 + 0.09 (.71 + 0.15 0.66 - 0.19

*,2AL3 1.32 - 2.71

:-VContro v- blood -+ -oth. 01
Blood boh. p:IS

S. .3 37 . 0 .22 0.72 + 0.20

0.81 0.13 J.91 + 0.27 0.38 - 0.21

0.99 _ 0.15 1.-6 + 0.25 0.93 r 0.23

+6 1.15 0.23 1.52 0.28 1.03 0.18

7 1.64 -+ 0.39 2.23 + 0.85 1.40 0.29

,,_? 5.2 0 6.,5 4 .96

;,:OV Cont:ol vj bloo + Lcth. pNS
Blood vs both. p=NS

All " arc :ean +SE.
Co t.e ,ar;c1'!s i.z oO varlzinc, on TI-i, )l XX.

•*1 Not significant (NS).

6 b.
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r''eSUlIlt; d(11d1[lot n eesI ril t it '.t [I t he expected i flreli ,vs i n i1,

I)tt'IM1O); litV. 0111\. Iom' eXatIfple, Il( dct( '(id exit of 1.7,) 0itulv O' t

( ' 1 tr h i ,Icj ei 1) o x ii (41 0f t h 1'0 , " ) t (1 C I[ I' d " t I It 100IS1 ( 1 1 !

rota t an6,S Of t heP f" o U I 1t S di I fi ULI I t I-or' e.\1 tI t II , the1c 11yP 1 hv irtni iff 11 1CI toi

L; I t 1i1-1S Ll 11 LI ) t fI' C (<It  (, n d o t . tA i n0LI S ( Cf'' io0n1 1n1d thuLIS I he

cLeYO'LlO AIPf I May hitVe C(ttScd non phlVsiologiclrepas1 the o:;rr1hA Ijc

di~l- I IMI rust>; ma aeWciShe OtI t t h, ' hiC'1IiC Mid~lilr'' s;olOCS es\hiL rovid

thc UtorniIl dij\inq force' lor I l,() 'Lo ion nd thtS O th cnrae nt .

r'-thsorp tiol midv have bee n due to0 a] ina e fled of A[1 nNaInnsar

a1S hais been observed in other epit-helia; a nd there wa-a (IPossibility of iocil1

cardovasun~reffect's due toAII.

Be cause ot' thec-A1 obv(e pos-;'b ilit1, c, th e c xpIe iule (,nti app rochI e-sw(At

Il ered,( 'I he pos sib ilit-v of local1 (Idoasua e I is (on ki (i ne( f'Uu I on

weic examInIned by mtlIa5ut'ng tiSSLue pr 'S SLIIre S wVith1 1 ned 1s If he in tI UIACt i~h

oI !) I \ th 11! her, hormones was in vesfit ated b)y Istand :1I'd 1tOO n edleior

teenic11' c [heiochemnist~ry of AlI)I ac:tion on tHie kidney wais itivesli(ated

h'. biochemical1 and isolate(d tissue teeh ft[u es.

2. tXGAKI)tSIi B1Sst;'Rt~s

Eff ects of hycirostat ic pr'ea,;LUTi dulterd by\I (eifI( her CettmIIIy rmpsd

[(resit-( re heads i n Vii Io FOr0-1 tro0 I htie (IIIC1 A In bloo 0d pre) nitU 01' ('01 Li,

4int ' -'Ssur'e- in vivo have been obseri'ved in many epihli 7 Bsul:1

(xUiflrtsLtili/inj ep[ithlii inclUdlink) Iroq s k in, gAit ind lkidney ;uqggest

h!i ini'(std seod u tJr(':;:;tir'e, L)cdlly above a I 111eSbild Valu I I0,Ct>1

[ G410? 1ti imtuu in tbl( siu ctIoy 1ltuxe:;. The direct etflrits, of tiiiiI('i-

i if I [ rr'Al 11 Vf 1f'CulIil uomlicItei by)c'11 1iiiitnits ii l I n



tissue L e1IIl()i i dOSn1i C pr'esS t res W1 'W L wuIl I en to reduCeI lryd r()Sta

pressure effetis oni (pitheial transport and effects of chiige in MIs

-o i c vit trau g h ;i lc h Ithe fo 1(es i r(,ex eite d

Renal '5i'(oiitncj

in Order to)eaut how fill pressures CO~ild be transit~l ha thrOugh the'

kbdnCVtise needles (1ga, 2.5 cm) "we positioned through a plexiglass,

g i (' 3 5m ino i kidney exteriorized and immobilized inl a plastic holder.

The neeOdle guide all10oed a r'eld ively precise aligniment and knownvi kistaiics

between the needle tips, Pressuare (1 5-70i mmnlig) w-as imposed through One Ol

the, needles by a mer'cury' manometer and chnaqes in pressure t ,rLsm) tdt

the neeleJS at varied diStajnces (0-5 m~m) from the pri-s::mire SourCe wer

mfeas'uretd w.ithl pretssulre tCansducePrS. lissue pressures; befo)re and dlurIng the

i Mp )od presre wer measLu1-0 .(Oino i. ired befor nd afte(;rV)1LIIl ,N1 Iam eans ;i (n wN.Ith1

s-aline (I1 ml, kg -min ) The effect of caroti clamping in ordcr to raise( Wlood

prsuewere also mleasured before 'I(d at hr %.()ull)( e'Xpansiond in Order to

determiine Loth the el'f els. ol cfranqes, in blood praniemd Ifth r'cspons( im

ot tie needles.

(limping the carolid arteries raised mnblood prsueby an Ve'rage'

of 3(0 itI g anrd cau)Lsed a prompt rise (10 s'c ) inl needle pressure of f rimn

2 I10 minli g with the lar'ger changes usually ac virr'ng from low\er initial tsu

pressures (Fig. 2). All needles, in any one ani.mal rcspoiided similarly and

Ise( htO Irewas lit tle difference in the Aet tfa carot (1 clamping beore or

at lt rl' VOI me Xp a oian.

,,- hy r;tos ':iiAF imposed thIirough one needlI, was, ixoI t ransiltIed

T" ;r I 1.~ 2 mm1 tH a I h1)1 1e s;outir ce( . AtI, a noi il d ista in cet of 0 rumill, I rainsi i IIt te

p)m ' L ,1 1r) Caie Newee : i) - I ()', 0f the1 ( impl1)0;od t)IrlIss Ir and at1 1 mm11

fi~~mi~ tli~fO!hip rwesurc was (-25,' (f the imposevd prsur o;
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Again ther-e seems to h)e lit tle differencwe in preTssoretrasiso be ovre or-

aft er1 vo Ilm expa)dn Sionr V with 1salinIe . IPr1e SsUre-( trareI ; I s s;o n wa comple1ctei d

wiWn0-10 min 01data not. shown) with tHe needles at 0 ill d is I ince eq uilli-

hirating fast er, t han those at I mm distance. Saline. infusionl catused I]i

,PVe rag1(1e in cireise o f t issue pressure of 11I . 5 ± 5 .0C mml-Iq th e Precis;e

distanCe bet ween needle tips Couldc not be. eval ua tedi accuraitely . Ilisi olag ica I

examinaition of' the kidneys showedI tissue damagle around the needle track but

tie difference bet ween the nominal and] actual distance of' the needle tips wos

no gr-eater, than 0.5 mill

The above exper-iments pr-obably greatly overeslimate t.he degr-ee ut

pr-essure tra1-nsmission in renal tissue because Of tissue damage and thle

imposed [)reSS;Litre opening up[ channels in thie tissue. It is clear- t1,11

pr-essures can be restricted to withbin 2 mm of the( Lsource. lb us:, localieed

tiss Le pressL0 orsMay occur in thec kidney due to local a'iovasc Li f~it I- chan11eS.

Similarw effects pr-obably hold tru(*1 in other- organs.

b . Local Vea 1<Kidney Tissue Ptess ore UChanuges

AssLI erssUI rs were incas u red at different cie plh,,s in t-he kidn ey be fore

and dur-ing volume expa-nsion wit-h Ringer- solution or, 5". dext ran (I till

min kg) or during an osmotic diures;is with 1",- mlannilol followed by ueei

occlusion . TiS:;Lie prIessurles were measu Ired With nedt;alcesto 11h0

nmn ner described above atl deptlh; of- 5 mmn (cor-tex t, 11rI : m (ouIt med ld

and 20)m Mil Onne. Inedulli ). Rincier infio~jn eOWeSed sinf tir;sIll

c'orticail tiss;ue pre:s iie0 nonsignifica.nt increaoses inl oti I i neil li ad non -

signiticant, decr~eases in ilnner medlI1jla iSsu pesue( 'g ) let

inlusion cause!;d SignritiCdnt incrIeajses. in tissu Pre5.ir ill the ortex 'nd

inner, medLla, bilt signiticaint decreaises in the outer- mciulli ( l'i q

Ma ,n nit ol inl t usionl hid lit 11e ef it(e I onl (Ott i or oti tel imec III i I 1: ;u e pti i



coU - re *.ih co~ r':n Lr au :-1,1;0 , I ri::. pr./<,2.

fK.if ferp'ces si3r~rlificar- t at I.'<.05, *C ,ilad .00", res;pctl-

ively.
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F i;;r.- fe'ct of !(!xtrin (§)(. n/i/ L'cdy

we icjht) infuu ion on tiu~prt,-uro n 5, 1.5, 21r~ 2

mm depths withi3n -,m- cc-rfino kli!ncey (n.KQ 7 xe cArar,

-- ~infusion W -5 tartod after ; (4) min1 conktrolprod

Values were compared wih or~trol ':alue, (.-t Side

using, a paired t-te -t. Valucs :ire the irean

*represent differences sig-nificant at i".G5.' .01,

respectively.
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but there were nunsig n ifica nt d1ecrcases in inner me2dUoIt t iSS~;U p ress ures

(Fig. 6-).I

Renafl tner ion M(eaS;ur('eItS Of urine f!Ow, (!'i e t c. i n th( (Xovi

eIXperime'nts did nut show any simple correlations which couIld be eLU~ to

chainges in locail tissue pres-sure . I or example , changes in renal f unrctions

\x(' jualitativelvy similar for Ringer and dext ran infuLSionl althoucin urine flow%

and Na eIxcretion were much greater with Ringer inf[usion and vet. the changes

in inner and outer medulla tissue preSSL1 ( were generally opposite in the Iwo

grouups . [or the first 60 min, corticald pr'essurs increased in both groups

but fell after that time with Ringer infusion but continued to inraewith

dextran infusion and no value of renal function showed a change in slope at

tnat time in) either gr'oup.

Th er efo re(, there, are localized change. in tissue Inres;u'ce MAithin the'

kidney following generalized changes in the cardiovascular svsl em. A dir'ect-

correlation betwveen these tissue pressure changes and renal function is not

obvious probaloly because of the compl exit.17: of the renal system. I 'or

exainple , severali different portions of the n eph ron are within Iffhe slime level

o1 the kidney and thuIs would be exposed to the same lissue pressures.

Also, sfimltaneo Us" changles in hormone level.; and colloid osmotic pres;sure

could Modify effects of tissue pressurie change~s

c. Card iovascAIla r Lflects on Renal lIcliun01 and SLobr-ipsuld!'i'si'

In order to determine if' there were a relaijonship betwoen ris1mi OiiiO'

for'mation and cardiovascular effects Wlii :1 ('(5 Id b)PI11e inirle t in ;;II

p r S SU re 1 1 ('h (nq , SUbrapIS UladrrO ndII p, 'sue UNSWer'eI mId; Ur' t- o'IT r11d

(luiinqt inminipultOions of blood flow andl pr'eure

The te(:hni(tueC emfplove(1 in theseI experiments; veIrc .;tillhddetr

medsurerent:;. S H I b(-ap 1' U re~rr; w rF)r t;IIC I'' I1 mE3u red FP h1 it0 L h (11 1)(11



C.I1I~I lo (iTL A I hret -d e n(i e tt 1i1e If) IleU t hl'01i1( 11 1 r~ 11 (ii(f

Ui'p ;ia I, I (F "N 1!( ' 1'l 1 r e m t co()' 1 1) L't-S tii L>:jer I'nt~i1 1)11 m ini)pUl

I~~~~~~~~1 1~M- 'Ar urmaeia he t'olluving- procei~ue. F1YIi('d I e iuri)

L)e r'd; in period orttii lCod pi (ssur': wi>; iriUIr( ,;(n. r:d l ckonink

pk-riod 3 wiis a tseetnd control andi ill period I the- blood ofiii(0 th t rcifiul

art tris \ % a lowerd h%' aI CIaMIj Un the' 1arti. Thi thO%(' jAiottd iit we 1VA

ca!rried 0oUt df ter a) raiin J)te~i prS~l tU I'( I m ()'0111; L I ) I : aie

inrt:l' a ican (I "),, hody weigh', ) c ) vefli VI,,, , cel sa I 1!,,1 oI, ,( rkeflrI %ViM'

pressure to 10) millq aInd d i 1jut ral-renal an rt ry inast t athiL 'Ieodlt

hrno'd'kinin (5~~~nf)

F he k;,y fin d ingqs i n th ese eX [AT] 10 nts V.r tt :Llil, I I'r5 Lit

VOno(1; c ~vrtIs i I , P, urtea oluin an U;ite 10 11 In 1R1. 1 1

[)I tdlk't Sui 1)ii,1)sulaI pt'essure aS d id LInfi )t' tI(YA cx) Irru I il i

occlu-,:inn during which manitfIt ion urine, \altimt r dun f'

(., ie a not greatly aftected L".' illerirm 'I!tri pre "X' 1'.rtan

the I P' 1 result sLIgqI'S t Id thIIat., u ertai exe(Ina Cv~~pi Vj 11 til

I) T(I; U Ii , ui narI -Y excret ion concomi nl with cort ical ti5i p:-:

'XCTre) i usuill hIL,1" )U t nOt rncssrl parulleIeV d I 1( L!c't X anV10P. Vilt-: inj

arteria pr;;ur'e [Itl littIle( ('I teCA 01 Si 5LI ht' pS UIll I- F i [0 ( ) f- U a 1,,:

('X t ti0 i TnleSs;II( the M rnlVaiH.la Iace had LaiOn vaso;(di1 1red . te e;l

teiii~tiitwith ail effect of cor-tical1 ti55Uew prcs55ture on rrr' Loj

i (,; o h tho ht ncrea.,ed tissueC prs) r re I ' OduIICe0d neili c e11 t1eclh rplioal 'In"

ha.; I ri - d !,(] ct'r('ti)r . Ilo e ' th ()enu r 1:; de:' k'd (' r- t o OS Li Ia;

hI ttk lor's t her thain t i!;; r p''su p'r Se( )I( remoreI i1r11W1rt1it



3. ANI FATIVl>7'S ON MLAI .l.ltllAYiils

The Ii c1 l) I in t he a)c t v, tin () 11)rcell , preses by rp I e homne

n,, liindin(I it ihe hormone t o an1 extecrnal i cell i met('11ine1 r(iteiI r st. I)(e

ra te at f tcr ,It i k ) n0oifi 1 rAC CLLiuar' Cci AC iS m7od a (d dill u c ni c clIc

11V teLS Ce'I lin inl LIcelit' thcess rough , in pailt., cyclic AI IP -

p 1sciv p-t ei i in1a se s Al I i is kriown to mod itIy dis tal nefincon I

rtrmucbiiIi lty cny 01 tIlW ( the secoIsSl sr f ace b,)y in c reis in (, mnu :o salt Il)

per lleal ) litv. Theo cell ula1r bajsis of t h es e elIIiICI tests or uknlowi%--n but microb-

tulelts and microtilaments have been implicaited. Selected aslnects oif re nalf

medUt Ia r41y membrane fu nction were studied i n add it ion to 11.)( ) permeabilit-y1

res:ponses of Me'dullary~ tSSfe slices.

--inirw inne r Me'CUjllr tissue SliCe'S wer penbae inl killIar SOILlticfl

t -)r' 301 m n ,nd thein d is trib teU J-d in11t o plaS C hc lekers in 3 mll OfR in 11CrC-

>01wim Mo. Aft er 5-lu fmm further incubtion ()I 0.5 1ml Of t 'SOILt ian conI-

am lnng 31 I>,C),I (9-inc uni and 2Xa NtWith 01- twithlOn It 'l I was addled andI thet

ua an Of ~n inl ti;Su LW~e S \'l (,dmd id 'I oi dc-tcm):Iet

ridliv ;,o o)(nt rol tissue slices wit bout A0I11. tissue slices we'tre removed at

inr'tcvais , placed in tared vialls, an1d the( uptake ov ;-;otope llT 1e)%'e liquic:

-cint hit lion count linq . i inIcub1aio f'luid ',\aS an)I]lV/ced inl aj similarl' iminer 10['.

iXtrieina ibid inl Ile( tiseslic S wa'is UICalcu31at(I It'iim the ise eto

0 t 11 1 ul i f d the aMOuini Of eXti~lIu1lIr I i 2 - V) 7Kifand VnbnI1,, s;u-

3 9)tr':Ict-t-d trOn) lt totall 11, -Nit an r \ (1 h Lil- t0 01; 1 t ) 1110 1w I'l t I I b_11r1

(1k: fil t ti . (71~c ic C A MP in t) he' t is;:; Ui li i I~ let e i ned11 ( )% 111ra11 i ifiri o

f~I i r i r a: e ( c''clic : , co ( i~) I t n a I c I Iirt"atIi I t I Of i) l t"(h

h ill 11t ( ax i 1al resf~oise at iiouit IH) "I ind a pea (Iliet ait dhOl11i It)0

I II irris e inIIcyc ' N''ibi P-\1 w s bi Iisi i r i reiseit it 1> 5' s ic



~iir~~i: a I r)u I n c 'sin ] Jail 'ttd reaichin(J o uml; lnt valm.( ;it

1. -,J l . %(L-ItiV L~ tip ik j i ( t 1)', I ~~)r a! 11) '5 1 1 .

iL fL a I t Ii i (I (Yl! tIi .Cii 0.t 11. C up0k 1111 si .(Se Ly I.\IIc

d~I a ..I but, not ;it hiqh'iirc of1 hlOt concefltruton-; . 1 c~ tOit i %

CI!!t r\l~l I0 O'piolckn~rslto LtIT i d5 n. t IL'() but flot -- VI \\aS jncr,ias(( by 10) N1 Alitf b lqunnmnq 2.5 im4

Iit r i ci I ll in '.: c Ii c ;, 1, wi~ \t, h ii pea~k at 0.75 min. Relkit iv 13f ")

I, 1ut not NXI, ic'ae t Ui Mil mm 1I a AMe JI { 10 Whe ti'Sue

Sl~S eoii~~ ill nhypetIonliC Ritlier- so0Lution. Inl the presence of CLj+

3m..%, A DI I iflkt'(ii5C( neither cyclic A M 1 not I il)() uptake Coichicine

1t) I.~ 1,j0 mi n ,used !.o disrupt.A micMro uI es 1(-, did not atffe-Ct the inlc:re-,s

3

ia; "11 cn~ t MIII!' effeCts of' APti to increase- H.)) and alIso increa~is7( Li

UIJItI 'j lih II S elle ( is were also blocke1 b' colcihicinc.

1'tstlt I t' r-c t P ies o exper-imenfts i Id ic Itci t 1ict AlitI (cukS ('ll~(;(

iit uylkekt in L i:s ;ueos li cecs i n mannrl' anllOqous to al ChiteI( in. osmcit

4(u' -1illc( inl vivo. The time cour'se of' cyclic AMPt increaises %w.re cwnsistent

aIt hVeucq. the st1iMLus for the increased t.i)utk.~ iutk n

uptake ~\r" reasi'd at different APH ocn avn uqs c w

a-itte echanlims- wiIJh different cyclic AMP Sentljivjiis . M icro!JIC ujiues Wre

Iic.;~r cr t he increased 1t,i( upt~ae0 in el ns to Cycl ic- AMNIP.

I: flt>is Ca ((Ll I d black t rsp)onse 1(o Al II prolaibi's bys bloc kint) t1he

hin i nq of Al IM to its rece'pI.or sites.

1ur 111e10r studes Were cairried out, ot. O It membr ne preparttiortl; I rim rel)

ludLlldr7slies Apical aind basilir" Memlbranes Were( purflitied abouLt M0- tOld

ri iit Ive to the initiail -cl hormuqenatle by sequenild deln.itv. qIrulifent! clitri-



fui:~toaind t ree How tit trophor(-',si Marker enzymres wvre No,- autvwe~d

A, I , t-'i I)I I- 'at ii\e (-n yl!'.tI (,'c is( ;,ntoi ' i-AIl )iI indinq tar htdsohh-vJ

11 Io> ka 't A F' It I se tor c tiai I II k , Ir I I 'I hre 111 1 111emb1 rifln

Ur tStii~ om t o o nd Iv tt I 'AM )h0- J I )n;i t ph;! , Kue. 1h ) .iIt hI

I M lI I %%vjmiO! at 1 O(a 16; 1 111 rjIi b y -)l)s gel c Ic k I I C re: I :2

c .1 t steIN'! I-o1 1 it i - (, to I I iC al I IIW!II ': ; ljit bath1 had SHIM ir (Ct (:It

phosphulipids, Aii a(:d and hexosamine.

These tindirgl(s aI'U conisitt;Ot with the to oo ical Stpti u at li

hiflding siteus at t he muLCO.Sal membrane a nd, e tIi c t or s itIe u nvolvinaj

ptic,.nhocylated Jprcstin at the0 apicalmmb'a

'. (1AR)VASJVL'AlR sTtJMrfs

(ChI In qe ;; in blood] How to a transportling organ can at hit transport

!h!-ugLh cliinguts in 0, deliv'er,,, to the absorptive cull: and a!lso by a

Was nos 0 fi0C In this series of experimentIs, the effects of \!saS~ctive

drgy, hor-mone(s and( n euro tansmitteurs on b load f lw and 0A, cons urnption at

the gJut were' det ermined. The MI ewt on blood flow and (), consimi ion

could not be asigned Lo specific lavers of the gut.

The bhair expterimtental techniqueI Was similar tot, all the experimentsI'. A

sefomsrt ()I small intest meo was aul-operfused through a cannulateti niesenteri(

artery. Ifood from the mesent uri- Veinl waS ret Urnedl to the CiiUCLIt iin . Th e

Segiferi S Were pert ISitd at constant H ows by means at a puimp orI by ((inst ant

prer' t- h, r-; (I the l( anlimlnls fern1Oral artery and loo 1)001t owmasir by

noaris of in elect romagInlicI flow meter. U.B, consumption \%as d(t eroliried tIV

mes,.1Uirnqtho i arltriali-Venous Conitrulrat ian diftirero(:e 'Indl mu1ltiplying it



ov Li t10W I I Vlh lI'lbIi S L-I;IrI Ie ;I r'e prod Lic t .. , e u I ',le n t to

Cdjlip v cle,'anllce ,wals determined1 frloim the extr roction ofl o

I !"%N.looid i'el (Xj(,I coei't icients , 1 a meaisu~re' o1 k-ailiii'/ (011010

III rnI'l',11 i, Was dPot rmIined 11r01,, the protein concentraitions Ii plisiia aind

0ipo collectd 1 ramI aj a-,nn ulated niesentIeric lymphaitic. Laibelled acidninc

11 ocia 11es id ntLictct ides werIe dect cI Ii I e d 1) th. 'lin lalyer (iri~u a

aInd liguod S intillcit ion counting.

d. I rLig aind NXeoiotr'arlsmlitter StUdieS

( "LIu baI Ir , i nfuLlSe(d int11raaIrte0r ialIy , r d U Ced blIood fl1Ow, , cons~Umpt icn and

I'S p) ro d u c I . Nore pinephri ne , sympa the tic SI-Li lilt ion , A DllI and epilneph rill(,

atl higIh doses ailso increaised \'auIa ~r resistance and decrecased (),con ilomp-

iwn and PS p rf)d or . T he ca iti'::holini nes aicted thrloughj an alpfha-ad re J)rg

mwchaflisri. Ini contrast. epinephrine at low dssin!creaIsed (.,con 1Somp)j)ikufi1

idad flw ad P pout hough a beta-afdrenccg ic ctt 01 t I )opam; 1

i)d frsc go blodf"S fl ow, 0. coa1r1
dC(r01SLd (Lit N0d OW 02 ('1SiIIpt~l ion nd PS tWIUCI ctwhich we're c-l

v I, ti d k) IIIe, apposite responses aftelr blockiad e Of dopam i ne recer )ors W'.it

llah'tridol . The (effe( I of cJipamlint. to inrea('se ),coIsuImion~, blood flow%-

'Id lIS p)rod ct1 were med iat Ied 1I OL )1 )1 1rug ea- idrenerar~ i C II stimltion 0 1

Ie(ce) 1. to r, wvhich Wereti Llnmas kcd by rwmin re~ceptor' hlockodi(

) . Cyclic A.M1 StuLdies

(;yrl ii AMI l) i n used I V or I A i s al \'asod i 1t1 ,:, ill thfe mleserl t eric

Vi.sColat IoIreC . (XIrtain inM0111iis in the vasodilat~or act ion of (liLutitr yc Vlic

AM:K AIV,) , a widely used anloguei. Lo 1'l lic AMP' UAM P 1)['pr1111id (ill

inveslig'it ion into the mohde' of a-ct ion of' infused cyclic AMIP onl the iweelvtric

The effects of CAMP, DIPCANIP, AMP, AM)I, AllT ind iidenosine onl the

mi I cntric v, iscu i Ii ire we reC de teCVirined. Tl'10 C(N ric rii an U1 1Ud Mti 1 raill lir



nwi holism of ibelled cA1lP ind DBtCANtP in canine mesenrer-ic or-terir'swa

deeried uti! izill( thin layer, chromatogr'ajphic se(para;tion of fll(t,Lbolt('.

1B )l C, Ise1;(-d a slow (12 Il 1 )hUtII uli IIateI Iy grateri . (U' '". ) 11( In-creasIe I in1

melLSen t eiC blOOd flOw t han the (ji iker ( I min ) bUt. SInai In'' ill (iii (112]',) inl

I lOW dtOe to (LA IT , lt AMPI and aidenosinc caused more'( rapid and

.iahrincreases inl Hood0 flow." than either' CAMP ort l)B(;ANII'. I 11)(;A' ;

con)Vertkd to mlonlo bultwv CAMP (MHWAM1P) primarily intr-acclular'lIv CA (M!

m\15)iii'ly\ deit~ied to noncycli(: nUCIot-ides orn~e~d' xtrrloai

Tiherte %%a"s n o ev id encie f'or thIIe uptake of' CAM1 I into mesr'nteric atrr-

I 1)CAM P waiS muLCh miore efftective than D P AM P in binding to CAMII P 'ece pior

sites.

It A;is Conclud(ed Hi t, 1Ike C' flt S of IV 01' IA i lU usu of,\N tive u'lie

to e'Xtel'lLilal' br'eiikdown to aidenosine compouinds wh i ch iifr" me act1 \ (:

vas-edikators, . I)K CAMPt is slowly taken up by vascular'. snloot h 11nu>;c iin

converted to M111CANl' which is the active vasokdilot.or'

C'. 0 rins ic Colon ic Vascular' Responses.1

'The inltestine and ot her- orgzins respond to chainges in) blood flow mdO(

p r'ss Ur-C I hron (I h in triosin; mechaonisms whic h t e nd to) decfrease blood flIow,\

refsistalnce w-,Iie n blood Iflow decl ceases a nd t o inI crt-e ase I'es-I StanIIce w vhen

1)Vr'sLsIurPi' InICrea(l)SeVS. T h e hangjes in resistancie iw( asso('iated with rhalnqg'; ill

capi-;llarIy sLur'tare area in some organs which in) urnl atfct he r'atc of- total

capillajry Lil rajfiltration T hese phenomena haive been extensively inve St igat-d

in the simall intestine but. littlec wvork has been done onl h11 colmn.

The blood flow at. the intrest inal ;il.soi'pt ye site ( ASK I) was, meas ured Ini

the- colon ais the cleajr'ance of 3 ILP as (leseribed I'ltr in thlis retportI '(w 1fl

small i nt es t in e. totall blood flow was nreasur'ed by ain elect i'oimhIlt ic tlow

mneter'. (,.()on ic. ca pi I- cy olloid prime hlit y was ci Ic iilit ed itrumi lymphu pro! 0l



conce n Iraihon duri n ;i ncreaseti lymph flow. Va-sculir, responses were ind iced

by ldcclreil;ing arterfial preossure, in(:rCOSilly V'11011' r)TSSUre 01' IA ml tLiOn Of

ASh F wa'S f'ound to be stronqly (tirclu((lakte in rsmr;ito eit ei,

,WIrid riap rss 0 re decreases or, venous pr-essurec intreases i. ,.,\ ASMh remina ned

Vjl~afl1. t. ar1'trial pre(ssure(s betweel 120-1i1 'i()nili I andi venousi pressures-

be '.wen 1 -i. 111[ g . Total b )lood Ho0w detit'ased tmwdlr<riy dl u ring In esl- %tfle

[Ar Cd tIreVs . The cons tancty of' A SM I iilo\%et colonitc watoer a isor-p it)n to

resnconstaint it ariiter-ial blood pre:; -SLreS beWeeOLn 10t-1110 11111tbJ . Net [,

,a lorp t ion was; constant. as, airter'ial pressutre d0(creased dUe' to dee taSes inc

I he( U f cidirectIiona I absorptiv e and secr-et or-y f I LIeS . I n~c dS in 11 Vt Im!0os

protein colicelitrit~i. l.ymph pr~otein (:oncen itrat ion reaithtd I rsn lo%%

vujlue wvh~re upon it became indepemN-t of lymph flow raw i The lind Plmph;

pitornij pcotejn tconcfiitraotion wais (IA5I indimat 11Th thait cakoll' eqiiiiilaris, e\t n

thou mm they are i &nest ratded, Seve reT.' rest riC1 I to!k Iii (A'1!H scm1( 111W;mo !

Cit t ~sof- the I broreticaf colloidi osmlloti jWCl",t-( h to t XerI-hd amHsW

c'-I pi I Ia ieS Atlositle , al meit a 1)0it e uil pi it t 1.- tam e tI~il' (d hlad

I lo%. r('spct(;es to t issue aCt ViPi', rvrTC,1 ad lot1 10,1 tuti! , b 1tttAt t\anti

hunt tIi d not ilttr- net IfI,(C) Citattii;r) e Ce 0f ('1(011 iniert' t--Cw 11) l)W

t.;sr'pt d ye t nlSeer1ly 11f,( ) JI tues.

It WO\S CM IC(l lttId ~ 1hit. oilt of tll he Vli It~' li to st tlie I)t ll c,1mi l' ; lms I m III

colon is to no I i I alin a ctotr A S VI inl ott br to m1.in in cm o c c I I i:o t

(orlsiant . 11w rol'alively cotmfi oti-ijnmelie(11 c mit it t i: to tovid1t. 't

siqniticmnt dirivinti Iorce IforI the-11 (like V t1 i nt101Sti i 11 Iti. Irutildy,

iintje:; in Stirli; torce!;, clipiltar-y aind tisstite hyditostitic inmd itioid ttsimic



c han qes in the secretory unidirectional H 2 ( 0 lu asX corn C~ re1IMVd t ctIhe,

absor"Ptive IL)CO flux. Adenosine has effects which are consistent w-it h ;I

be i rjAl m or~' req na ltory meta bol i te in t he control of' colonic A SA'

7. I :KTLS1'N Al AB~SORPTION AND HIIMYNAMI Cs

Se'Lveral ofI he studies.- on kidney I unctionl ais wll as I he iU rlr

S uqes ted that local hemody narni s could a] ter renalI ep ithel io I Iran s ;or t. Thet,

off~ I: h1 te kidney dMIaI nata ad the (l di lern ttsu pre(SSsu m in

dffe rent r-eqions of tHie kidney , made ai correlIa ion bet ween hernody namics and

ne fOrn f'unctlion di ffiC L t. ]'r- this reason, as well as intrinsic interest

becau1se of its con tri butlion to saldt. and watecr metabholism, the req u ,Iahon of

intesli na (Iabsorption of salt. and %\a tot' was s tudii]11

In Order to relat~e local hcmod%7namii chadnoes t~o intestinal iissorption the

blood io-w at- the absorptive site0 adiaJcent to the epitbeliUm 'IaId to be

t'st-imotted Absorptive sir.e, blood flow (SH)w11S estMimated !K the clea~rance

Gr Iii trI the HlIumen after validition exjperimcnls strqjt( :Ie thio the

dii fus ion of 3 i.,0 from the lumen in t.o the AShIl WdV wsO so ra pd that. ihe 31l K

concentration in the venous drai nage from t-he abs-orptive Site wais nca r'lv

eq nal to thait in thec I LiMIN. AShW Icould then he calculite i'd as Il,)( )A S
3 33

II I . I PA where 1 1))AIS repTresents the tota l-Wmount of It

ibsuorbed from the IluMen, I~ ~ Irepresents If)) coniceal rat ion 'Ind 1. aind A\

rm'pr:'ntlumen effb~ent and mcsnesteric ateryv

'he follow'ing stuldies3 utiliied e ssentially the( Slime teuhrro(twe A -m'pnermt

01t terriil ('pitheliL1r With it; rner've' and Hlood Sui.pply' irlclt \\';;arl usi

3 itheith-0.1 iHIP IlImen with sadineC ('01rrliiM.1 11,)(), '1 V- ini1il Iiry1, nl N'jN. A

rnf'sen1I Eric vein dr[aimnn I lie sertment Wii wsCann ilatekd 1W ohkt nj Ve\'nOIrS

pkte;r1 slimpi's anid blood p rfi: sure. I)r'11(t or hmjone jflt tisilms we(re( ile j



femora I vein or, a mesen teric a r'tei'y to the per-fused gut1 segme n t..Nct and

unIdIr-ectional Na and Hl.) fluxes wer-e Cal cLla ted by the methoid of' Berger

The Ma in purp'Joses Of these studies was to ciis ting u ish het wee n i fects of

the exper-imentIal ma nip uIat ions on tr'anscell u ar carrier-media ted tr'ansport. from

huse exerteci thr-ough effects on paissive, paraceflular, transport. through the

tight junctions and lateral intercellular, spaces. Basedt on theoretical con-

sidertlions andI the literature as wvellI as initial findings the results werec

tentatively inter~preted in the following manner,. Changes in ASh 1F whic:h were

linear-ly correlated with absorptive f-1, flulxes along the same line as in

controls were interpreted as due to a "washout" effect of blood flow on

a bscorp lion . Similar-ly , secretor'y fluxes which corrielted wiI t esl irral t

cap ii hiry p reCss ore a long the same line as in controls were cons idetred to

r-epr-esent changes in passive movement. ci ue to ultr-afill ration . I )evial ions in

sloipe or, in te rcep~t as compared to conlI rots suggested a chan cje in epi theIlial

d. hody Fluid Expansion

Intravenous infusion o01 either- saline or- sailine followed by hypo~i' oncot ic

deoxtra n in Saline Ca Lised cha nqe;; in ~jo and It? HOfIUXL'S which WereC Corn pfle t'

consisto in t ith e ffecclIs exerted t h rou11he a Ci'd iOVaSCLi IA1r system 1. AkIS I'wa

Li n u ha n ('d 1) Lit. venIous p)1(' r- Lie i nc r (',:; cI a in d colII bid osinot i p less-0.'; U IT

d'ere~ised ind not absor-ption was converted'( to net Se('(IWe Io cdue 0almost solely

to in increase i in the Lin ioir-o'ct ional s'cro'lory 111,1\0S . I IVperoncat (iC clext1ia

tr'.insiently revers ('d thei chajnges due to saie.'hes; et feet.; wf'i'( inde(p('n-

dent of the NXi conic(nt ra-t ion in the lumen.I

Irtrirwteritj iii l:iin oi q1Lucigon ink) 111 he I(Tf'rt't (]Ht M(]n't0' iiO tt

nitn-pi'rtiise'ti diit eaciji GI enei'iltju



a bsorp tion and A S B '. These were inerpreted as duLe W~ the (Iirect vaso-

diltat or ei(2I ion o f g Iucagon being anmtgofli zed b y reflex s yqmah the i c

vasoconstlcict ioni initiated by a decrease in systemic blood pre-ssurle. Na iind

fL1uxeS both a bsorp t.i ye and] secretory were di rectfly correlaled wit h

esto;XIIl capillary pressure. Changes in ASHY' shifted the relationship to a

(iitiererit. linear-If function. TIhe effects of glucagon could not We attributed to

t he con coit ant in crease ilood g)0()Ilu cose or insulin nor were they mimnic ked

by hill lvasod ila tor histamine. The conclusion that- glUcagon changed gut

absrpdton by a cardiovascular effect was alIso suggest-ed by, suLbsequLent

exper-iments by other- investigators.

C. Vaisoactive Intestinal Peptide (VIP)

Int ravenous VIP caused intestinal secretion . in contrast to the direct

proportiona lt between secretory fluxes and estimated capillary press lre

oL)serveO wi [Ii saline in fusion and g ILucagon , there was a neq) a~ive correlation

d ri nq VtIP infus.-ion . Tbhis was interpreted as an in di cation that a secret ory

kr-mscidulir pump was overridinq the SiMUflLlaneOuIS tendericx' for' Fredl (

capillary p ressuLIre to reduce secre tory flu xes Absorptive ftu xes were

positively correlat ed to AS HI' as obse rved in s ubseqiu ent. e xpenments . There

were ma-,jor itmnv\emen ts of the parasympathetic autonomic nervou~s sytem in

the ef10ct>; O1 VIP I)OCaLlSe at.i')pino blocked most of' the (ff(:ts at VtIP.

d .Pertiagast riri and ('3a.st.rin

fl'ntiqa :trin ( the C-terminal peritapeptie of' goist in) 1his (lalitot ively

sinijlar et lecs (:amparer to +iSt rin Onl S(VerI physiologica1l I lnt ions e .

qgr;tric HI+ sec ret ion . However, penitaast in ( ( 5) had elI ect dill erent than

thoy;o ot gjast cm (07H) oin intestinal absorption. L; dtecrew id irite:;?rit

absorption in both led and lasted dlogs arnd Cl7 increasedl atisorption. AStIF

%-as; posil ively correlated with the iiriidire'ct onal atc';Orpt iVe HIX( hu11 bu tli



U H i d if Uit tion n tor f C 1 luxe s w er e g en ( ra I in er sl c ( or -ire td wi i h

estimated c~ilpilldtry prOSSMir. AS With V11t1, thI( fle(JatiVC C~IMT(1,11t1 iodiqtekd

n o wet 11 1 hit 1 at i at fpn e Ipretrea rtmen t u h (3 an 1? (j n1 itowe-r doses

inlcreasd ij0 Ut I d SOIptil fi It al Ler (01.i0110 hdtlUe 1)r[TI r'eat I 111 t) t CaUs Cd Iet

setcretI ion I Ti I inding SLJggeSteOd I ho t [heit moin effc I -(.at (J 5 tos C stimulat

t he release of acetlvi chol i rie which in turn reduced (I L1I absorption ajnd thati

( 17 %Vas less efitive in aeesn cetylcholine hut wais more ef tective than

(;5 in stimlaltinki ilsorptlion.

e. Morphine

Morphine or other op itde l'5' areidely uIsed as anf - d iarrhLta I cemtoiti fld-

ann ~ 01OW 10WiJeiu oils r od in the (jut. Morphine wa-is mnl used IV inli

fedl anld fast ed dogs. Morphine incrvas( d inte,,tin~d aihsurption Ill led but niot

in tlisted dogIs duci to oil increa' se inl lbSOtplAMe fluxes asoca it il

increatse iin ASliiI. S L-CI'rtor f)[- IiLuXeCS %%(IT [C d\r rei -icfd re-a 0 e t '' Io e'stI mll t id

(:aiIrI,1V prt)ur mfed duegs as compiredi to lastled dogs. The inlcre'isiti

(Ii)SOFItisri in) i'd dogs1' hut not in fasted dogs sugges(-ts that mor01ine11 may acWt

Ly mod i Ifvi n. an, 1o1 te )ro( i'S stimlr 11 1I' 0d by feed in The ma.I'l([1 jo r' ef tCI 0 of

morphine COiU I d beC eXert I't thd r oi I I q p )ri m rcv effect on)1 iouti low" im!

inreasdSdWi wahoutIG or 1. 1 rc)Lig11 hi an efec to 1 in11Crea' ISeC t rasl I I it r'; C tL I ut 1)oI

wi)th a co n se4,qu cntI inces in(. smt it~ and a es 11illi ]Iecormdirv ncnis I

blooid ti

U] I) I costc runiraf ( himlmges

I)kiri nh (iIi ilany Lill ltril -il a ion or- obsorpt ion ille incr('ised enlr (d IVoffti

into the interst it iti spict Hircr'diSCS its hydrauI~lic CorukifrilCtaV 11)tus(iuw

cisieir 11lid movement bt)'IvfIl th( 1)100( ofiiJ I UiMVeI. tl itln rliin

in 4 pitheliu ot gill Li-idder and neptiron haive ticur obhsirved during ch-olri-



in n et fluid absorption. Ti10 p)OSSibility Of Ultrdstru1Ct ura changes in I he

sma~ll inteistine during a bsorpt ion with superimposed volumenexcpansi5onlw~

investigated along with COrIIC('nt change'; in fluxes.

fIat jejuniliri1 wVas pert usIe wVith Ringer' solution containing H D

nilin and a ~!~rConto [id IX ixes we r iaS u red, thc rot was volume

xpondtid with Ringer solo! ion with a Volume Of 5', Or- 1W0, of body wei ght over,

10 Im . :\ftcr a 10 min equilibraton period, unidirectional and ne fluxes

werv again if ocrmi ned. Control onima s had fluxes measu red over the same

time period but Were not. volume expanded. Segments of perfused i nt stinc

and non -perfused adjacent intestine wvere quickly removcd and placed in 3V.

Karnovsky's fiative +0.2 NI1 s-colidine (41(, ) , the lumen perfused vwith

fixa tive , rinsed in colIi dine after 2 hrs, pos iiixed in M -mcycllidine,

de hyd rotvd and( embedded in Sp urr's plus tc T'issue sections were mou nted

on grids and staned in uranyl acetate and Reynold's coad citrate. Sections

were exornined w it~h o HIi tachi 11-8 electron micros;cope oat. 50 KV. I ime nsions

of structures were determined with on Orcu lar mi crometeri on raondjom ly selected

p)ho tornicrugraophs.

A bsorp tion w-,as associa ted with eXpo n sion Of 11he lot era in t erCel Uldiir

s;paces. Voume exponSion rouIsed a collapse of the lot ral spaces and the

appearance of ''fisters" in thle I ightl junctions at 5l volume expansion and

furl her, ex:insion of the( tevrof intercelluldt' spaces; at lO, volume expons-ion.

lhere were no !;ignificajnt changes in the degree of folding of the lAteA

space:; as judged by a uonstant raitio ot lot eril mlemhrain i lng! h per, c(ll

length. trhe diameter of the rough cndtlotI~isi reticulum1 Iiirec0Ad in

proporti In to vol iume expalnsu i hut mionliel, in Ithe pec it ii .Ito 'J1~ 1

a:; compaircf to 1o101i1iei IWOi 1ogrun.' gu Net No tjTI r dfcied

o iIniti-ant ly after volumie cx pI, 1 )0 dueI 1,, nIh IIf ,1) in- Wi 111Cli



secre to rv y , 1 and ti) I cixeS Ne t Xa a nd Il.)( ) 1-)501'pt ion were not

signi ficaintly changed following t I 11 volume1 expdOsicfl dIue) to jinlitas(5si i "Iih

Ol (ctor", illdl H)arp~ fUXeS. ASM' \v6i; SiuifiCInl!!V nrasd~i

,Itt 10':, VOl L1111 expa i~n.

It. Wal S d II fi CLIt t o c o rre la te( many ol t'.h e UoIl rafiiSt LIucCIral ChtIit1I1 Wit 11 hO

Ch, I: I jeSilII \ .0 T hI'h in11c reased SeCr et ory'tIUN 01O flxI oluIo (I VO I U1; 1

t'xp~mincin were, associated withi "blistors" in the tight. juncl(tionl anol (Ala~e

tticn i.ltcral "paues expa~nded by absorption. Possibly, disrcplin ot the tigjhl

LI1,111 In aI 10oWed I I id m1ovC1eent OUt (Of tHie lateral Spaces thuIs reliving

i t I rs f i t a l preCss Ur10 Tb is possibility is in ag reemnen t with the findcings of

otIh t'rs that lymph flow decreased at t-he same time that sec re hon inc teased

kduring volume expam-;ion . Ihel disaippearance Of t he blisiecrs C01nC~r'reflt.1%

\x'jl t h te fc tL1- her enlarement. of the lateral Space after I 0,, expans ocn mlay he

d Le to I (iargo'r i ncreaise in in terst it ial prc:;'!SUre w\hich ca-nnot be comrpensatecd

CI ! I leaIaC t hrII O Ll(j! th 11C igjhit junctionI.he exnde 1 f(d la teral J, spCes may

als 1 nc reas e t he co nd uc tain ce tII h 1ci 0IlO'11cj th e (I tea e~Icr abser1;i I UI LxeS

thel( di ij ti etl[idoasnmiC r-'ticul~l cmi I) stes moeclosl ell C11d w\ith \OILIO

expansion aIS scich anld abSOrpjtionI may open more, of the enclop[lsmic reticulum

to th1e C IU M Un1 thu re US dulci ng the 1 do inetez( IP' relat,11i Ve to0101 no-plt USeId k.It

st M1AKLY

ctI -e ruts o f I hIes ;'e extr imt ii'' ttnitn Wi Ii t\ oiltrml

tittlin;, triw':-aelcil,11r trinsporIt wd In idli i onlt i niodiIX'Iin n lI t t 11r, por:

tVI ~ f hec was i t I I' CI (Ii it NA> S Cxe :1e itt-OI hin kii o .tw~i~ t : J ti

to A\ )1 in t he whole kit ney (-ct Id~ 1)a mim I t( ini jIS>j( .1j i IfIl I I lt



responses were consistent with the effector being a cyclic AMIP sensitive,

apical membrme protein kinase.

2,1
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